Objectives. To evaluate the feasibility and long-term outcome of distal arterial reconstruction combined with free muscle flap transfer for patients who would otherwise have undergone major amputation. Methods. Between 1996 and 2001, 27 reconstructions using autologous vein were performed in 25 patients. Seventeen of these patients had diabetes mellitus. Gracilis, rectus abdominis and latissimus dorsi muscles were used as free flaps, covered with split-thickness skin grafts. Results. Eighty-five percent of patients had a patent graft and viable muscle flap after 1-month. Mean follow-up was 51 months (4-72 months). At the time of follow-up 77% of reconstructions were patent and 70% of patients regained full functional capacity of their lower extremities. Conclusion. Limb-salvage by distal arterial reconstruction and free muscle flap transfer, is feasible with low mortality and morbidity and provides excellent long-term results with regard to graft patency and functional status.
Introduction
Distal bypass is an established method for limbsalvage in peripheral arterial occlusive disease (PAOD), providing excellent long term patency as well as functional limb status. However, in patients presenting with extensive gangrene even successful distal revascularization will not be sufficient for limb salvage. Arterial reconstruction may also be limited by an area of tissue necrosis adjacent to a planned anastomotic site, thereby preventing primary closure of the wound. Standard plastic surgical methods such as split-thickness skin grafts or pedicle skin flaps are often insufficient to gain wound closure in this particular subset of patients with severe PAOD in combination with tissue loss.
Free muscle flap transfer is an excellent method to provide wound coverage and to increase distal outflow thereby reducing peripheral vascular resistance. 1, 2 Soft tissue or bone defects of variable extent may thereby be covered by autologous material and consecutively limb-salvage can be achieved and a normal functional status of the lower extremity regained. 3, 4 At present, only few centers provide this combined approach for limb-salvage and therefore the outcome of this approach is poorly documented. 1 -6 The aim of this study was to evaluate feasibility and mid-term outcome of the combined approach of distal arterial reconstruction and free muscle flap transfer in lower extremities that otherwise would have undergone major amputation.
Methods

Patients
Between January 1996 and December 2000, 25 patients (male 19, 76%; female 6, 24%) were selected for distal revascularization and free flap. Patient information was entered prospectively onto a database. Mean age was 64 years (33 -84 years). Seventeen patients (68%) had diabetes mellitus and of these, 11 were insulindependent. Other comorbidities were chronic renal insufficiency requiring dialysis (4), previous renal transplantation (3), osteomyelitis (3), primarily chronic polyarthritis (1) , and thrombangitis obliterans (1) . The majority of patients (80%) had already undergone previous vascular interventions as distal arterial reconstruction (10), percutaneous transluminal angioplasty (8) and thrombolysis (2) . Soft tissue and bone defects were found on four major locations: crural (4), malleolar (4), heel (15), forefoot (4). All patients underwent diagnostic digital subtraction angiography prior to surgery.
Operative methods
The surgical approach followed a set protocol. Initially, necrotic tissue was debrided in order to determine the extent of the defect and to eliminate florid infection [ Fig. 1 ]. One week later, the main procedure was performed by preparation of the anastomotic sites and the venous graft simultaneously to the flap harvest by two operative teams. The type of the flap being used was dependent upon the pedicle length and the size of the coverage required. The vein graft was prepared in order to provide a suitable side branch for anastomosis to the flap artery. If the gap between the side branch and the vascular pedicle was too large, a small venous bypass graft was inserted (Fig. 2 ). This approach avoided clamping of the bypass graft after establishment of graft flow. In some instances additional jump grafts to the posterior tibial artery were performed, in order to fixate the bypass behind the malleolus, where the anastomosis of bypass and flap was usually situated. After reperfusion of the flap, tension was put on the muscle to reestablish the original fiber length and avoid bulkness. The muscle flap was trimmed to the desired size and was covered with split-thickness skin grafts (Fig. 3) . In cases where the flap was positioned around the ankle, the ankle was stabilized either using Kirschner wires or an external fixator in order to improve flap incorporation.
Follow-up
Patients were reviewed daily for the first 10 days and thereafter as required until wound healing was completed. Graft patency was defined as a palpable pulse over the graft and the distal outflow artery or graft flow as detected by a colour-coded duplex scan. Flap viability was proven by oxygen uptake measurements during the first 10 days postoperatively and by inspection thereafter.
Results
Intraoperative data
Mean operative time for this combined approach was 5.5 h (4 -18 h). Twenty-three patients were reconstructed unilaterally, whereas two patients were reconstructed bilaterally. Bypass was performed using autologous vein (Table 1) . Free flap transfer was mainly performed with gracilis muscle (18). Other flaps used were rectus abdominis (6) and latissimus dorsi muscle (3).
At 1-month, there were no deaths and 85% (23/27) of limbs had a patent graft and a viable flap. In three patients, early failure of the flap required lower leg amputation. In another patient, erosion of the bypass graft led to lower leg amputation. In two patients, partial loss of the free tissue flap made secondary wound closure necessary. Wound healing disturbancies at the flap harvesting site were observed in seven out of 27 procedures. Mean hospital stay was 34 days.
Functional status of the extremity
Twenty patients regained full functional capacity of their lower extremities. Patients with defects in areas without weight bearing surfaces were able to walk after a mean duration of 22 days, whereas patients with defects in areas with weight bearing surfaces required a mean duration of 90 days to regain full functional capacity. The final result is shown in Fig. 4 . 
Late results
Twenty-one patients had a mean follow-up of 51 months (4 -72 months). Twenty patients with 21 reconstructions had a patent graft and a viable flap at the time of follow-up. Therefore patency rate at this time was 77% (Fig. 5) . Nineteen patients had full functional capacity of their lower extremities. In one patient, contralateral lower leg amputation was performed during follow-up.
Discussion
Our results show that limb-salvage by distal arterial reconstruction and free muscle flap transfer in lower extremities otherwise destined for amputation, is feasible and provides excellent long-term outcomes. Due to microangiopathy and sensory neuropathy, patients with diabetes are at increased risk of developing tissue and bone necrosis in their lower extremities, than their non-diabetic atherosclerotic counterparts. The main sites at risk are the weightbearing areas. Due to impairment of the immune system, high rates of lower limb infections are also common in diabetics. 7, 8 As a consequence, a staged surgical approach was employed with initial debridement, followed by the main procedure one week later.
Until recently, major amputation was the only option for patients with extensive tissue necrosis in combination with PAOD. Within the last decade, improved microsurgical techniques have enabled effective free muscle transfer to cover soft tissue and bone defects. The concept of distal arterial revascularization and free muscle flap is supported by several case reports and limited series, reporting a primary patency rate between 57 and 100%. 9 -11 Our primary patency rate of 85% is well in line with other recently published series. 3 -6 However, the success of this combined approach seems to depend on careful selection of patients for this procedure. Illig found that the combination of diabetes and renal failure requiring hemodialysis was the strongest predictor of limb loss in patients after distal arterial reconstruction and free muscle flap transfer. We observed similar findings. All patients with early failure had diabetes and required hemodialysis. The size of the defect and consecutively the size of the free muscle flap also affects the success of the procedure. The gracilis muscle flap has the advantage of minimum donor morbidity, can be performed under loco-regional anesthesia and is tolerant of ischemia. Our second choice flap was the rectus abdominis muscle. If a more substantial defect was present a latissimus dorsi muscle flap was used. When using the latissimus dorsi muscle flap, we experienced problems with the blood supply of the mid and distal portions of the muscle, leading to partial flap loss in two and complete flap loss in one patient. Arterial inflow for the flap was obtained from the distal portion of the bypass conduit while venous outflow was by anastomosis to the tibial veins. In our opinion, avoiding calcified small tibial arteries as inflow vessels very much facilitates the whole procedure.
To keep the whole procedure as minimally invasive as possible, the majority of operations were carried out under epidural anesthesia. Our mean duration of surgery was 5.5 h, which is well in line with others. 3, 4 The 4-year patient survival rate was 80% which compares favorably with results after conventional distal arterial revascularization. 12 Long-term patency rate was 77%, which is excellent in patients who would otherwise have undergone major amputation. Other series report similar data with long-term patency rates of 57% after 5 years. 4 -6 Seventy percent of patients regained full functional capacity of their extremities. Time to full ambulation was greater in patients with defects in their weight-bearing areas. Previous studies of distal arterial reconstruction and free muscle flap transfer report operative mortality rates between 0 and 10% and long-term ambulation rates of 60-90%. 1, 3, 13 In conclusion, soft tissue and bone defects in the lower limbs of patients especially with diabetes are a complex entity with a high risk of limb loss. In this situation, limb-salvage by distal arterial reconstruction and free muscle flap transfer is feasible and provides excellent long-term results.
